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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an element 
having excellent light emitting efficiency and for emitting 
light at a high luminance by sandwiching at least one 
layer containing at least one kind of specified 
compounds between a pair of electrodes. 
SOLUTION: This compound is expressed by the formula 
shown. In the formula, at least one pair of adjacent 
groups selected from among R1 and R2, R2 and R3, R3 
and R4, R5 and R6, R6 and R7, R7 and R8 are connected 
to each other, and form a substituent or un-substituent 
carbocyclic aliphatic group ring, a substituent or un- 
substituent carbocyclic aromatic group ring or 
substituent or un-substituent heterocyclic aromatic 
group ring with substituted carbon atom. R1-R8 not 
forming a ring mean a hydrogen atom, halogen atom, 
normal chained, branched or cyclic alkyl group or alkoxy 
group, a substituent or un- substituent aryl group or 
N,N-di substituent amino group. X1, X2 a hydrogen atom, 
a normal chained, branched or cyclic alkyl group, a 

substituent or un- substituent aryl group, or a substituent or un-substituent aralkyl group. At 
this stage, X1, X2 do not mean a hydrogen atom at the same time. 
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(57) [gfo] 

-Mom&mc. hr* ( i ) -casn 




R, ~R. ©'^(tfclSciSStiltti 
g^jSLTfeO. S^ESLttUR, ~R, B*3KJ1 
ctO'X, ttrkJRlRT-. HIM. aMtttoaSHKOT*** 



1 

[is*!! i ] -ftommmc. —ma ( 1 ) ati) 
[iti] 




R t iR 2 > R 2 £R 3 , R 3 iR, % R 5 t 
R 6 , R 6 tR 7 . R 7 iR, *»6atfti4^>ft< i*> 

«*fctt«H*©TJi/*;i/S, KIM, MJ/cW©r 

;l/+;l/S^^-r o flU X, teJctfX, tannic**]! 
CM*«2 ] HBW ( l ) T«Sh*fl:^***irr 

[M«a3 ] Htta ( i ) ra3tis^^»**wr 

*B#. «m»iSit*S»«a 1 EBOSOTff 30 

tn»«3B4 ] ( i ) r*sns^t^»*««"r 

JWRi-riflUKB l -3©l»rJh*iCcBB«©WB«IWB 

b* wrasse i ^4oi»m^cc«B«<DWHi«»a 

[0 00 l ] 
[0 00 2] 



ftBH* 1 1 -87 05 9 

2 

tSE LIR^f) ^il^^tlfc [Appl. Phys. Lett., 51 > 
913 (1987)] . «««IWfe#JR*tt. »3fctt«BWb^» 

©»t*spi«r*a. c<dj:5 

[0 0 0 3 ] WHW6trti±S'ttft#tti or, ^B 
ior v hyx (8-+/v/7-h) 7;^ 

3(^f#S263*lT<f>4 [3. Appl. Phys., 65 t 3610 
(1989) ] o WWil/t, h'JX 

ifagfls; ***U F>) &#Xtit&®ltLX 

m^tcmmnftz&tm+fimmztix^z mmw-3- 

2 5 5 1 9 0^f8) o Miilt, 

5, 12-^f;^t^'JF> (N, N' -i^^b 

36S^**»Ili3 4TCl,>£ tAppl. Phys. Lett., 70 t 16 

65 (1997) ] . WLtt#?>. cneos^fe^ 

F>*5<fctf5. 12-^fMt^>JF>^fT^ 
lili <«*.«. MtS) i©«ftt«2L<, SKSPi 

/c 0 Jgffir«, -BiS»SK^7fcT£W«^lfc^^ 

[0 004] 

[0005] 
CcMofco "Tft*>%. 

<D-*tO^S^tc, ( 1 ) Mt2) r3t3tt£<t 

^»*5>tt< i«tw-rs@m< it— b»» 

[0006] 
Ht2] 



(3) 

3 




CS*. Ri <tR 2 , R 2 tR 3 , R 3 <tR« , R 5 t 
R 6 , R 6 £R 7 , R,iR, tif>P>ffl&tlZ>'Pt£< ifc 

n, N-s?iKftr^Mat B x a fccfc^x, 

^StCi«^i fl ) 20 

®-«st ( i ) T*3ft*fb^***rr*Ji#. 

CD SBtt©#««»«*« ^F-. 

®-*« ( i ) rastis^fc^»*dwrs»3&s, ht- 
®-»©mfiratc, sect, iE?LaAiftaw*wr4«r 

[0 0 0 7 ] 

■T^o *a«©*««IW6*SR : f'B, — *f<D«ffilffltc, 
HBK<1) <ffc3> r»Sli*<td«l«d>ft< ti> 1 

[0008] 

Ut3] 40 




CS*, R a tR 2 . R 2 £R 3 . R 3 £R, > R s £ 
R 6 , R 6 £R 7 , R 7 iR« frhM&tiZ>'J>rj:< £fc 



1 1 -87 0 5 9 

4 

Uttl^Ri -R, tt*3SMiF\ ^oy>R^ illS, # 
iK^/cra^TJ^JH, KM. A&*MmVXDT 

n. N-^Bftr^itw. x* fccfco'x, «7k^ 
m^, km. &4$tztc\mvt<DT**)i>m, mzztcte 

;U*;US£it-r 0 (BU X, te<£t>'X 2 »H«F(c*3Rja 

[0009] HBK ( i ) rssn^b^ccfc^r, 

Rt 4R, , R 2 iR, , R 3 £R 4 , R s £R 6 , R 
5 (bR, , R 7 iR 8 ^6««tiSiJ>&< ifelfiCDH 
«-r*SttS^K:*S£LT, B»Lri»aK*JS^<t=ft 
«C, Bft*/c«*B^O^*3SS;J!g!*]K3S. K**fctt 
*B»©«««HSf#Ba. *&c^«aBft*A:tt*B» 

R 2 , R 2 tR 3 , R 3 iR* > R 5 tR 6 . R* tR 

, . r 7 tn 9 ft%m&ti&&K<tbi^2m<Dmm 
mm, B**fe«*«ft©««3(a»6- 1 o<d^#^ 

[0010] ftXHS^BIJUrSSB. «*«K^«Sffli*fc 

;WR, N-BR-f> F-;HR N-x*;W> 
^>^D^*i2>3S, ^>-fe*>3S. N-BSS-OF- 
Rx -R» tW/c^oy>Bf ^ftl- 

B8S*/c«^B«3nriirfeJ:<, £K)0£L<te. 

[0011] ( 1 ) r3S3ft*fb^«JCCfcl>T, 

aiJBfiRLtt^R, -R. «7K^M-?, ^p^. 



5 

^SRISH^ . KJRJKl^l 6CDitt 

^Uttv 4V~f*Mt. sec -^^Jl/B, tert-^Jb 

Ji/g, 3, 3 -^^y^uS, ^^n^^^jus, 

tert-^^^;l/K, 2 -x^;l/^^;H v n - 
y^;H 4 n-r^HS, n-K-r^^S, n - f* V y 
f^>;l/«, n f^Ugfci*) , mm 1-16 

n-^h+Vl, -fV^h*^» % sec - ^ 
2x» v n — ;>*;l/**->g, **^>*4>**->». 

3 -t^^y^n^^S, S/^a^+^M-*^ 

n — ^^;U**^a. n-t^m^^l, 2 20 
-x^;U^^->;U^=^5>g, n - y^JU^ + v'S, n- 
f^il/^^^yJS, n - F-Tis&j-^isM, n-f-h^-r 

4 -tert- y^i^^^S, 4-4V<l/* 
^x^iH. 4 - tert-^>^^7 jt^;Hl x 4-n 30 

2, 3-y^^7x^H 4 2, 4-^>f 
;U:7*~;l^ 2, B-^fJ^^^H. 3, 4- 
^-rf^l/?*-;^ 5--T>#~;ua, 1, 2, 3, 
4-rh7tFP-5-t7^J^ l, 2. 3, 4- 
7*F7t KP-6-t75 : ;H > 2-yh+y7x^ 

3 - ^ h + '>7ir.;l/t 4->F^y7x^l/ 
a, 3-x^y7x^;H 4-ih^y7^-Jl/ 
S v 4-n-7 , o^ty7x^JH, 4-^y^n^+ 40 
y7x^-;H, 4-n-7'h + y7 J ;^H 4 4-n- 
■^V^jU^^^yy x^;I/S, 4 - n— ^♦f-rt'tf+S'? 
^s.jim, 4-y^n^y^t^y7x^H 4 4- 
n-^;l/t+y7^;H 4 -n -tf^^M-* 
^7*^H t 4-n-fy;l/tty7x^-iH v 2, 
3 -Jx-rf h^>y* cc^;l/S, 2, 5-y^^y7x^ 
)Vm. 3, 4-^ h*^? 2-^F^y- 
5 x^jH, 3 -A -J h + y7 * 
^.;H S 2-7;l/tP7x^;H, 3-7^P7x- 

4-7JW7x^JH, 2-^PP7x^ 50 
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1, 3-^PP7x^H, 4-^PD7x^H, 4 

-zfu^y 4-F , J7Wa>W7x-;i/ 
3. 4-^y^PD7x^H, 2 -y^-4-y- 
DU7x^;H > 2-^PP-4-^^7x^-)H, 
3-^7PP-4-y^^7x^;H 4 2-y*PP-4- 
y h^y7x-;H, 4-7x^;l/7x^.;H, 3 - y* 
^^-;uy *~;i/S> 4- (4' ^;uy * y* 
4- (4' -^^+^7x^1/) y^^.;ba, 
1-^7^;U». 2-^y^;^, 4-xFty-l- 
+ y?)im, 6^Fty-2-t7f;H l 7-xF 
3^>-2 *JlM % 2-y»;;l/S, 2-^x^1/ 

[0013]K*«2-16ON, N-yIfe7^1 
(WAS*. N, N-yy^^T^i. N. N->>^^ 
;b7^1, N, N-^-n-^7^t N, N 

wrs/l^iON, N-yrw;«r^l, 

N-^^l/-N-7x^r$yt N-x^;b-N - 
7x^1/7^1, N-n -y'H trjlz-N-y x^JbT 

N-7JW-N-7x^«ft7^I, N, N-y> 
7x^7^1, N-y^^;U-N- (4-y^;I/^ 
xiW7^Sfti'©N, N-^7»J-;«7^ y 

rat*) j:9»sl<«. *mm*. y ?mm 

ttBRISH\ «*»l-lO©r^;H t KXKl 
-l ocor;i/3*vs, gt*»6 — i ocory^H* 

fcttg»»6--l 6©N. N-y^7^i-C*0, 
S6«Cff*U<«. 7*3RJ)iH\ ffiRJSl^ 

I$/dJS«S7-16©N, N-yfflS7^It* 
&<> MMbni^l^R, -R, 7K^M^- 

[0014] — «k ( i ) r^$n^b^Wcfe^r, 
x, fcitfx, wsWRjk^ jail, »tt*fctt««©r 

ftssw^aftor^ji/^jus^^-r. fib, x, 

*«JR^. jK3RKK 1 ~ 1 6 OiBM. ft&ZtdtmW 
«BBR«4-1 60«3iaS^r«KS, **C>ttttMBR 

^f. 1-10 <DB:ifL M^/c«M©7^+^ 

[0 0 1 5 ] X t fecfcO'X, <DWS& S fm*ttOttR<D ■ 



7 

m*M^-T2>Ct&TZ2> 0 &tc, X* fc^tfX, CDS 

2-i-y^)^^^)vm. yfryvfrm. 2-y^u 

Jim. 4 -x^jU'O^US, 4 -fy^otM>i^ 10 
;US, 4 - tert-^^>»u^>^;uS. 4-n-- / \^v;u 
^>^;US, 3, 4 -^^^^^>^;UK, 3-^ h + 

^>>>;Ug, 4 -n -t/h+i^Vt^Ug, 4~^;U^ 

4 - ^ d n ^S^c i'^of S c i^t 

[ooi6] ( 1 > ri^n^ 

tilt, ±t)»*0^fb^»iOTW, — 

a) — j»5$;(i-G> Ub4Mbi o) r*3ft*fb 20 

[0017] 
Ut4] 




7;^^ ism. $> & i> «*g&co 7>;- 

^iL, X l4 ;b<fc#X ia ra*JRJOK^\ itfflL *M£*/c« 
[0018] 

[its] 




CS*. R 21 -R 26 te7K^JlH\ ^ny>I^ iSlfL 

T n * v'S, * & I » »SIA * tc te5fcm%<D 7 y - )i>m 
SrSlU X 21 fei:^X I2 5i7k^T-, Hlfl »iR*/ctt 

aKo7;i/+;«, «»*/c«*B»(Dr y-;us. h 
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[0019] 
Ub6] 




X sl *J<fc^X„«*3RJl^ B3IL 

h^zmfe&tcu^mkcDTy^^m*^* fiu 

[0 02 0 ] 



Hb7] 




(l-D) 



CSW* R 41 -R 44 tt*JRM^ ^ay>Rf fiSK. 

r ^ =3 * v'S, & & c > »s» £ 7 y - Jim 

WK<D7***ak H^^/c«*s»cory-;us, * 
-5 1 » * /c »*K»s© r ;u * fi l . 
x 41 ^<^D f x 42 «[iiB$cc7K^ii j f^^'rc<t^^ 0 3 

[0 0 2 1 ] 

Ub8] 




7^3+^1, * £ c> £ ra*fi»© r y - ;i/S 
£ 1 > «® & $ tc «*gf^o r ^ ;u * >i<mzmT 0 fM u , 

X , , fed: tfX 5 , «EI«Fic*3RJ!aq=-**r Ci^k ) 
[0 0 2 2 ] 
Ut9] 



(6) 



1 1 -87 05 9 
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(1-F) 




smijtftSfcWTfefift^r^^+iUS*^. fib, 

[0 02 3 ] 
[<tl 0] 



(1 -G) 



R 71 -R 74 «7KigJlH\ SIIL 

X 71 *ji;i>'X„«*^il^ KM. 
& <, » £ tc «*g^<z) r ^ ;p Jrfrm&m L , Y 71 fc 

[0 02 4 ] HttS ( 1 - A ) r*S tlZit&mfctel,* 
X. R^-R^te, <fcOW*l/<», ^M^ras. 
X^fc^tfX^tt, «fc9#*0<tt. 7k*BH\ 

6-10 ©KilSffil, * 6 c > (MAKKR 7 - l 
OCDT^JL'+^Sr^^o 

[0 0 2 5] -«w ( i - b ) nsfb^ftccfcii 

r, R 21 -R I6 te> J:W^<^ TkSRJS^r**. 

i-6<dkm* »tt*fc»aitK©r^*^*, *gg9R» 

6-10 (D»9RS^^«KX. * S l > H3|£g3Rtt 7 - 1 
0CD7^*^*C&<5o 

[0026] —las ( i - c ) vmztizit&mot^ 

R 31 -R J4 «:, J:0JfiF*L<«, zkSRMT-raa. 

6-10 OR3R«^r«KS. & £ c > (StttfS^ 7 - 1 
ocDT^;u*>0'St?&£o 

[0027] ( i - D) rasftsffc-^cfcc* 
r v r 41 -r 44 ^ <fcO»*L<w, TKfgJMT-ra&c, 

6-10 0^^3r«£S. & £ C > itfgRXft 7 - 1 

[0028] -flags ( i - e ) tt^tefco 

R 51 -R S4 te, £9»£0<te, TKIRJS-T-r*^. 



6-10 (Dmmm^^mm, $>zwm&im$k7~~i 

[0 0 2 9 ] (1-F) t?*3ti^{fc^»«:*j^ 

R 6a -R* 4 tt, <fe5»*L/<». 

1^6©KM. ^fe*/c«iBJK(Dril/+;US, *§;gsR& 

6-io ©gsRiss;^r#j5i». * £ ^ tem&m& 7 - 1 
[0030] -mz ( i - o riisnsfti&wcfci* 

r, R 71 -R 74 te, cfc0»^Lx<ti. #SRJii( J Pca&. 
X 71 fc±tfX„tt. J:0»*L<«. **JR^ 

6-io ©j^s^^s, & £ i > tm&tmm i - 1 
^s^6 - 1 o ommmsmmm&'ch d , 

«Ffc»*u<«, ll*»i^8©iiM*)fc«»«[©r;u 

[0 0 3 1] - 
HKS ( 1 ) CCtel»r. Ra iR, , R z £Rj , R 3 <h 
R 4 , R 5 iR 6 k R 6 tR 7 , R 7 ±R 8 &t>m&tl 

oX t fci^X, ^[Hj^C7KSM^^TC<L«^C^b 

5, 1 2 -^^-Ji/^^^y K>) 
*-ttS ( i ) y F>B»#i«. * 



(7) 4*H¥ 1 1 -87 0 5 9 

11 12 

z&^&*> salmi* zct&visZo ft. — «s: (i) r«sns{t^ft©*««, PSA 

[0 0 3 2] 2|s:«9BK:»*H»SC ( 1 ) rSI£*l£<b^ tf, Chem. Rev., 67, 1 (1967)iCieiS<D^ffiK:fi£ofc. 

1 . 5 -y^JU- 1 : 2 -*<>V*i-2V F> 

2. 5, : 2-<>W^'jF> 

3. 5, 12 -^x^l/-9-^PP- 1 : 2 ~-^>V"^^^ V F> 

4. 5, 12-^^-3 : 4-^>^t^'J F> 

5. 5, 12-^-n-^-3 : 4-^>V^t^'JF> 

6. 5-^;U-l:2, 8:9-^>7+t^'JF> 

7. 5. 12-^^-1 : 2, 8 : 9-^>7+t^;K> 

8. : 2, 8:9 -S/'O F> 

9. 5, 12-^x^-1 : 2, 8:9-^>W^JF> 

10. 5. :2, 8:9-^>^t^yF> 

11. 5.12 n 1:2, 8:9 -*?'<>*S i ¥i-9V F> 

12. 5, 12-^-n-^>f;l/~3, 1 0 -v^.x-Jl'- 1:2, 8: 

9-5X>:/*:r* y F> 

13. 5,1 2 -t>-n-^*5Art/- 1:2, 8 : 9 - >^> v/*:T ^ U F 
> 

1 4. 5-7x~;U- 1:2, 8:9 -^>^t^ y F> 

15. 5, 1 2 - ^7*^- 1 : 2, 8 : O-^'O F> 

16. 5, 12-^<>^-l : 2, 8:9-^>W^'JF> 

17. 5,12 -*?jt*)V-2 : 3, 9:1 0-^>^ti"J F> 

18. 5. 12-^W-3 : 4, 10: ll-^>^/WJF> 

19. 5, 12-^x^-3:4, 10: 1 1 - >?<>y>t^ 'J F> 

20. 5, 1 2 - : 4, 10 : 1 l-^>7+t^ 

f> 

2 1. 5, 12-^^V^^-3 : 4, 1 0 : 1 1 - ^>7*t^y F 

22. 5, 12-^-11-^^^-3:4, 1 0 : 1 1 - * 
y F> 

2 3. 5, 12-^-n-Ff^-3 :4, 10:1 l-^>7+t^ 
V F> 

24. 5, 12-^7^^-3 : 4, 10 : 1 1 - ^>7+ti"J F> 

25. 5, 12-^(4* - 3:4, 10:11 -v^ 

U F> 

2 6. 5 -^OisJl- 3 : 4, 10: ll-^>7+t^yF> 

2 7. 5, 12-^<>^^-3 : 4, 10:11 -y^W^'J F> 

28. 5, 12-1/(4' -^^;U^>^;U) - 3:4, 10:11 

y f> 

29. 5. 12-W^-l : 2, 8 : 9-^7 F+ti?y F> 

30. 5, 12-^x^-3 : 4, 10:11 -V>-fV b ^ri^Z U F> 



[0 0 3 3 ] 



31. 5, 12-^^-1 : 2, 8 : 9 - fc'X F^*U» 

F> 

32. 5, 1 2 -t?x^jU- 1 : 2. 8 : 9 - t^X (f* h v ^ * U» 

F> 

3 3. 5, 12-^7*^-1 :2, 8 : 9 - fc'X (f- h 3 V * U>) ^ 




(8) nmW- 1 1 -87 0 5 9 

13 14 

'J F> 

34. 5. 12-^^-3 : 4, 1 0 : 1 1 - ex ( b 0 J ? U> ) + 
i~ Z V F > 

35. 5, 12-^^D^^-3 :4, 1 0 : 1 1 - fcf* ( h U M * 
U>) *7^U F> 

3 6. 5, 12-^>^;l/-3 : 4, 1 0 : 1 1 - tr* < h U-**U» 
F> 

37. 5. 12-^^-3 : 4, 10: {fh7^^b» 
*i~9V F> 

38. 5, 1 2 : 4. 10: 11-b'X (f F7^^l/» 

f> 

39. 5, 12-^-n-W-3 : 4, 10 : 1 1-b^ (fh7^f 
U>) *i~9 0 F> 

40. 5, 12-^7x^Jb-3 : 4, 10 : 11-^ (f h7^^U> 
) *c-f2 U F> 

41. 5. 12-^>^-3 : 4, 10 : 1 1-t'X (f h7^?l/> 
) F> 

42. 5, 12-^X^-1:2, 8 : (^>^y^l/» +t 
£1/ F> 

43. 5, 12-^^-3: 4, 1 0 : 1 1 - (-^^^ ^U>) 

+^^y f> 

[0 0 3 4] 3 TIB^ (4 4) (4 7) * * (ft 1 1 Mfc 1 4 ) 

44. 

[0 0 3 5] 

[{tin 




30 



[0 0 3 6] 
Ut\ 2] 




4 7. 



15 

[0 0 3 8] 
HI I 4] 



P 




6 

[0039] *mm&z>-mz < i ) xmzti&it^ 
M8&&m<Dfrmcfe^xm&?z>ct&x% 

& 0 01*. mMtLXChem. Rev., 67, 1 (1967):te<£ 

m&-?z>ct&*v$2> 0 -r&*>^ 2, 5-^ 
[0040] w««#»*ir-t-«. as, — *f©mffiia 

(-mm<Dm*) cornet? zct&xzz. *^ ie 

tcfcor, aAattswrsjBiiftaiaffi^wrsw* 

[0041] ^a^owa^s^R^tei^r , — m. 
a < 1 ) rasnsfl:^^ iE?LaA»si^. a* 

^»*/c«m^ftAI&3SRS»fcffli^Ci^»3s L< . 



(9) «fH¥ 1 1 -87 05 9 

16 

< 1 > r«S*i*ffcd»4. #!4-cffifflUT*>J:<, * 

[0042] x^mommnnftftm+ommt ox 

»cciR5e-r&fcorw&< . 01*. (a) as/ 
iE?LaA^^/a*Ji/m^aA«ir3MJi/K?ffi^^ 

(HI), ( B ) Wfi/jEaffiAlftSIJB/a**/^* 

(02), ( c ) mm/mtm/m^mxmmm 

/MSSSR* (H3> , (D) »«/«#Jl/Ht«ffl* 
^•(BI4) fteWtfiCi^ttS. 3 
10 JBftW^aAlftaWrStoi^^SOR^'C** (E) 

'SLAmmm/femmm* (H5> it-^ci^^^ 

<D> SSOSRT-flteEi L/tTtt. »jefiE»*-JWB»r— 
KB. «it«, ( F ) jEftgEAIftaSflE^. 
(fflfc##3#fcSS©*^ (H6 ) . (G) IE?L&A$&i* 

mmmz-GtcMomi- (H7> , <h> 

©SSPJCcS^fS^/cSEcDIR^ (H8) 
[0 043 ] ^RBHOWBWIHfe**^*. tft6<D^ 

*mmcmz>i><Dxte%:< , -en^tKososR^-tc^c* 
r. jETLaAioaai. ^^AfSiUB^is^ii 

CCb^T, ZE?LaA«ftSW<t ©race. IE?L&A 

*&AWtmm± ©race, sM^it^aAii^© 

30 5K3R^©*flE«. ( A ) S!SH\ ( B ) MM*. ( C ) 
SBR?\ (E) mm*. (F) (G) SSJfrf-* 

fctt <H) SBKT-r* 9, 3 6CC»*L<tt, (A) ffl 
SH\ (B)S3R^ (OS*-?, <F)SS«T-*fc 
tt (H) S3R^T?*S. 

[0044] *^0T)W«^»*^<b UtB. ix. 

(H 1 ) cc^-r (a) mm/iEft&Affijgm/ftit 
m/m^&Ammm/mmmm^z^xmwTz. 

40 7 «m^^^To 

[0 04 5] S« 1 CC3£ 

•rs *>or«ai^. awac> o¥mwx$> z> c ttm 
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[0 04 6] Pi® 2 t OTB. Jfc««f±*H«©*#t> 
£JS. ^*fcJ3^«»ttfb^»*mS»»<tLT« 
fflf4Ci#»*H,». »®cttJ8TS«flH»K<fcl>T 

^jz-ja, ^s^a, ^>yxf->, iMbM. K^t 

ESS, I TO <-Y>^A • 7^ > • -f F) , # 

t*»lBK«fflOTfeJ:(r». W&K. cn^oiMI 

aatffi. *'<**y>yffi*©#ttocj: 
Jlfi£i£T&oT&£< , *st»tt2MMBBr*oTfcj: 

Htt«C, 5- 1 0 0 0 nmfMg, £0$f£l/<«> 
10-50 OnmSStcKJE-r*. 

[0 04 7] IE?LffiA*l>aiB3 HMW>6©iE?L (# 20 

a&amksjik:. hks; < 1 > TasnsYb^ttfej:^ 

bF^!/»»tt, X^;l^>i§i#ft, fcT^ 

ft, #ys/^>BSMk #y ^ xr.u>tr^u>*jj:^ 
*(Dwm»s ^y^*7*>*j<tcx*o»ai*. *y- 

N-e~JU#;U^V-JUif^ftft£) £4>ft< <tfc li 30 
JBC»T»flrr*C£#'C**. (SJ. IE?L&AlftiS«fB* 
#T4^^»B, »»Ttf!fflOT«>«fc<. *&t>tt«R 

[0048] *»WK:*l*Tfflt*SfB©jE?LaA«|jiS« 

i6**^4Yt^*iUT«, h yry-ji/T5 

(#jxJ£, 4, 4' (N-7*^l/-N- (4" 

e?xx;U x 4, 4' - e 
X (N-7x^-N- (3" -y T 5 

-/) t'7^Jk 4. 4' -t'X (N-7x^-N- 

( 3 " - y h^>7 xx;u) 7 ^ y ] e? x 4 , 40 
4' -ex (N-7*^-N- (l" r 
$ y } e?xx;k 3, 3' -5^*^-4, 4' -fcT 
x (N-7x^-N- (3" -y ?-;u:7 xx;U) 7 s 
yj t'7x-;k 1 , 1 - ex C4' -[ N, N->> 

(4" -y xr-ji/) 75>] ^>^u-^ 

9, l 0 - ex CN- (4' -^^;l/^x- 
;i/> - N - (4" - n -y^-Jiy rsy) 7* 

t>Fl/>, 3. 8-fc*X(N, N-^7i^7; 

y) -6 -7x — ;U^x^> h "Ji^, 4 -y 

N, N-b'X (4" , 4"'-eX[ N* , NT ->> (4 50 
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-y*;U:7x~;i/) r^] e7x~Jl/-4 T 
xy>, N, N* -fc'X C 4 - (^*^l/75/) y 
xx;l0 -N. N' -^7x^-1, 3-isTZy< 
N. N' -b'X C 4 - (5/7x^7^) 7 
x^) -N, N' 4-^7^^ 
>iz>, 5, 5 " - t'X C 4 - ( t'X [ 
rjb] T^y) 7x^1/) - 2, 2' : 5' , 2" 
-^tf:7x>, 1. 3. 5-MJ^(^7*^7S 
y) 'O-fe'V, 4, 4', 4" -h 1 ;^ (N-*JM7 
»;;!/) F'J7x^75>, 4, 4* , 4" -MJX 
CN- (3 M, -^^7x-;i/) -n-7x~jU7^ 
y} h 'J7x^7$>, l, 3, 5-hyxCN- 

(4' -i/7x^7^7x^Jl/) 7i^il7;y] 

. #y ^^7x>*jJ:o^©S»ft, # 
y - N - e x ;p * V- ivgmVtffi J: 0 » £ 0 1 k — 

a&t < i ) tsi 3 *i zit&wt mojEiimAmmwmz 

*—«se ( i ) r«sn*Yt^*jow^». o< 
o. i-4 om&%mmcmm?z> 0 

[0 049 ] **JB4«. jE^Lfc^^^oaEAaftB. 

>^^x>, 9, 1 0 -$^7x^7> h^H2>, 9, 
1 0 -tTX (7xr.;^^r.;l/) T> h^*fe>, 1, 4 
-t'X (9* -i^^.;l/7> h ^-frx;l/) ^>-fe*>, 
4, 4' -bX (9" -x^;l/7>h7t^l/) h'7 
xx;p] % h >SI«ft (Witt JE?L& 

AiftaMffiiW-r-s^b^KtLTWjasowfc^ws^w 
*ci3&«T*-6j , mm&m&t* c«a«, f yx (8 

-^yyy^-h) t^^-^a, ex (io-^>7 
[h] +y y y^-h) -^y y-^A, 2- (2' -e fp 

^^>yxx;l/) ^>V r ^^-y-V r -;KD#iS^, 2- 
(2' -t FP^>7x^l/) ^OV^-T^-JKDffiiS 
ffiL 4-t Fn+^T^y^>©ffitBfli) , x^;U^> 
»Sz»* CW^tf. 1, 1. 4, 4-7^h^^3ix;U- 
1. 3-Wl>, 4. 4' -ex (2. 2-^7x 

#v y > 1 , ^^y>6, ^vy>7, ^-7y>30, 

^7'J>106 ( ^7'J>138, ^7'j>15 L ^ 
vy>152, ^7>;>153, ^vy>3 07, 
y>31 1, ^vy>314, ^vy>334, ^7>J 
>3 38, ^vy>343. ^v»J>5 0 0 ) . e^> 
SfzSft DCML DCM2h ^*^1fV r >^ 

^ft Wilts i~<4)l>Uv FD , ^>7f77-;l/ii 
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- N - V~)ltj)l>J^S~~)l'teJ:Z?*:<DWmfc x ) 

[0 05 0] ^wowamffft^lRT-tcte^r «, * 
*Bcc-«a ( i ) ra^n^fk^Muto^c 

( 1 ) rg|3ft*fb^»£te<D* 

( l ) r«8ft*fb£«j©*tew\ ft£i>< 

0. 0 0 1-9 9. 9 9 9M%Hg, <fc*)#£0 
<«, 0. 0 1-9 9. 9 9SS9«IK* ZhlCitfZL 
0. 1-99. 9M%gffiK:llSS"r*. 

[0 0 5 1] **w«:*jc»rfflc^*ffi©«*«tt*W-r 
ifb^Wil/Ctt. »*ttW«*«»«*<fc"3»*U 20 
l>. M£t2. J. Appl. Phys., 65, 3610 (1989) % 4$BS 
3*5 - 2 1 4 3 3 2#&$RtCSB48©<fc 5«C, ^H4^ 
aHbAWi^MbAW <F-'*>IO McfcOfitJS 
•T£t<!:&T#£ 0 -MS (1) T«2;h£{b^f5£, 

«ci*)^a 0 —UK (i ) rassnsfli^w*, 

»*ttW«*J««*K:»ur, -MS ( l ) r 30 

mZtl&it&MZ. »£0<te, 0. 00 1-4011 
KBft. «fc»3#£b<tt, 0. 0 1-30M%HK, 
S 0 < tt, 0 . 1-10 SS%gfiffiJB-r S. 

[0052] hhk ( i ) •emsti&{t&»£mm?z 

W«£JSI§<*£ Lrtt, Mx.«, -MS (a) MS 

(c) r*sn*»*ttW«rjU5-->A«tt«:*tf* 40 

(Q) 3 -A 1 (a) 

(Q) , -A 1 -O-L (b ) 

KSRtt 6-24 b**S**r > 
(Q) a -A 1 -O-A 1 - (Q) 2 (c ) 
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[0053] f^mmmsam^Mm^t lx « 

hVX (8- + yy/7-M TJl/^^A, h 

(4-y^ju-8-^y»;y^-h) rn^^ 
a, hy* (5-^f;i/-8-t^yy7-h) t;u^ 
~^a v n;* (3, 4-^w-8- + ^'i^7- 

h) T;bS~^A, h ! ;X(4, 5 -V>* 8 - * 

/y^7-F) r^^^A, n;* (4, 6-^^ 
;b-8-+yy/7-h) b*x(2-^ 

b'X (2-^^-8- + yy^7-h) (2- 
^^^7x^7-^) TJb^^A, b'X (2 -^t^ 

-8- + yj-/7-h) o-^^Jiy^yzr- h) r 
a % b'x (Z-Jf-fr-S-^rsOsy-b) 

(4-^fil'7xy7-h) 7^^^A 4 fcTX (2 - 
y^jU-8 ^-7— h) (2 -^x^u^y^ 

^h)r;i/^-^A s b*x (2 -y^;u- 8 s 

5- h) ( 3 -7x^1/7 ^7^- h) 7^^^A k 
[0 054] fc^X (2-^^JU-8-^^ VSv-b) 

(4-y b) t;i^^a, b* (2 

-y^;u-8-*y yy^-h) (2. 3-^^;u^ 
7;l/5~^A, b'X (2-^^;l/-8- + 
yyy^-H) (2, 6 *y ^- h) 7^ 

s^A v b** (2 8 -*>"J h) 
(3, 4-^^7x/7-h)T^5- , )A, b'X 
(2-^^;U-8-*^U^^-h) (3, 5-i^7* 
;i/7xy7-h) t;u^-=-^a, b'x (2 8 
-^/y^7-F) (3, 5 - >/-tert-^^;l/"7x y 

7— h) t;i^-^a, b*x ( 2 8 y 

y^-h) (2, 6-S/7x^l/7xy7-F)7iH 
x^7A, t'7 (2-^^-8- + ^>J^7-F) 

(2. 4, 6-Fy7x^7x>7-F) rjR^-) 
A, t'X (2-^^-8-t^'J^7-F) (2, 
4, 6-hy^^l/7xy7-h) TJl/^^A, bX 

(2-^f;l/-8- + -/y/7-h) (2, 4. 5, 6 
-fh7^^l/7xy7-h) T^^^A, b'X (2 

-y^;u-8- + y y^^- h) (i-t7h7-h) 
r;i/^^^A, bx (2-^?Ji/-8-+/"J^7- 
h) (2-t7h7-h) r;H-^A, b'x (2, 4 
8 - + /'jy7-h) (2-^x-^;u^x 
y^-h)T^^-^A > b*^ (2, 4-^^^;U-8 

-+yyy7- h) (3-7x^7x77-1-) 

^■^A, t'X (2, 4-^^-8-^7»J77- 
h) (4-7x^;l/7xy7-h)7^^')A 1 b'X 

(2, 4-^^-8-^yy/7-h) (3, 5- 
^^1/7x7 7- h) r;u^ -^A, b^X (2, 4- 
tPy^;U-8-^y x ) y^y—b) (3. 5-^-tert- 
^^7x77-^) T^^-^A, 

[0055] b'X (2-^^7U-8- + 7';y^-h) 
T^^^-^A- /Li-^^V- t'X (2 7^71/- 8 - + 
/'J77-F) T7l^5^^A, b*^ (2, 4 -v^t^U 



(12) 
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-8 -*-/ yy^- h) t^^a-m-^+v- e 

X (2, 4 -i^y^JU-8 y>"7- h) TA>* ~ 

*?A V ex (2 -y^JU- 4 -x^;b-8 »; >7 

- h) T^S^A-M-^V-b'X (2 
4-x^;U-8 ^7- h) — SA* t*X 

(2 -^*Jl/-4--* 8 - + h) 7 

iU5.=.«?A-/*-**V- t*X (2 -y ^;b-4 h 

^>-8-^/y/7-h) t^^^^a, ex (2 - 

A-M-*+v-ex (2 ^-Jl/- 5 -zsrs-8 - 10 
y;i^^A, ex(2-y^;u-5 

- h «j7^*P^^iU-8 -+>"J h) 7;us - 
^A-zz-^v-ex (2-^^-5-h'J7W 

[oo56] mfr&jM&ms iw^oi^oa 

(on*&Affim®Mzm-r zvc&m <«*.«. *r«£ii 
^a, ex ( i o -^>*/[h] *s y h) *<y y 

ft, *y*tf y >g§*gft. is? *~;\,*s>mmfc ~ 

mmmtc, ( i > -ci^nef^MMon^ 30 
aci#»S!i/^. — «sc (i) vmztizit&fytm 

*&Affimmwc&&z—f&& ( 1 ) -cmztizit&m 

©SRtett, »£U<tt, 0. 1M%W±, cfc9*?£0 
<«, 0. l-4 0M%IMg, S6tc»*L<«. 
0. 2-3 0ftl%flg, 0. 5-2 

hrs (a) — ass (c) vmztizit&m 

[ 0 0 5 7 ] Ht«6 i tt«Wft*iattO/hSC» 
ART ^^/c^^ttfb^^^gf Ltf 

y^A, »; ^^a->t >^^a^, ^ 

y^iy^A. V^^^A-IB^, V^*^A--f 
>>^A^^ ^>^A, ;l/f*^^A, ^^A, 

v>#>, -f^hy^A, 7;u^^a > 7;i/£~^A 

^^^A-^^^^^A^, ^77rOIM?^ 50 



[0 0 5 8 ] Htfit2> C*ie><D1t^3Jt£, Wxtf, & 

T*««««©tm«:«>J:S3&s, 5-100 0 

nmgffi, J:D»£0<«, 1 0-5 0 0nmgftfCR 

ism. n> w«*if«*« : F-©iBB6*a*<fc<Kota 

[0 0 5 9 ] S/c. ^^©WaSI^SStsRWfel^-C 

r.^>5r;H§ft, 7 * ~ j W v ^ > v/ 7 ^ > 

fe<0"Cttttl^, $f^U<^J. «36H*/c«jE?LaAlft 
iSir*^ J:0ff*Ktt, IE?LaAI&iS»T?*S. 
i^, Wttf, jEJLffiAlftjaJiK:— SJIK^^x>^^- 
*dWSi*Sti^ iEfLaA^JS*K:^-cc^W3-& 

rt<fc<, jE?iaAiftawii««T*» («^«. 
^mztizm <«ittf, iE?LaA»^ii) *««-r 

^ftt©0. 0 1-5 0M%, W^L<«, 0. 0 
5-3 011%, <£9»2b<te:, 0. 1-2011% 

[0060] jEn&xmsm. ^aA^a 

1 0 - 'TorrSSWTOKSTr , 5 0-40 0 "C^ftCD 
tf- hSg (^SiSSS) , - 5 0 - 3 0 0 °C^S(DS 
SMSr, 0. 005-50n m/sec figcD^SrilS 

n. mi, *^aAi«as»9©«»»- k^t-c, ai 

0, iEFlftAfSii^ «^ffiA(fta»9©»» 
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[0 0 6 1] »mfcffl£(CJ:9 . »B«fc«T&tB^ 
^U7';u-h, #y**U>, #y 

A^=^>u>, ^ , ji?u> > #y :7xxu<>:t* 
x^u>t'-u>fc<j: ere- ©sNSffc #w M'ti'i'te 

i>. 20 
[0 0 6 2] fcjRJMfiKK: J: 0 , &mZBf$ l ~?Z>m&. 

a^ttwwsttt ^**>, 
*)\,i*7Z\s>m<Dfcit&mm&m. mm. r^v 

^D^lf y>^O^r h>^?§^, i>*uajt 

^>{fcK{fc***«J«. B*x*Jk 

;k y^Hrnv^, xf- 

i^^+if >, T x y - - <r , 

N, N-^y^;U*;UA7 5 h\ N, N-i^^UTiz 
hT5h\ 1, 3 -to* 

[0 06 3]^ »«-rs*ffi<fc «FKiR5rr £ 
St^ci^t^ — jtttctt, 0. 1-5 0I1%1 50 



11-8705 



mzi&i&irzmfttcittLx (-mmom+zj&mTzm 

£*C«, &J8 t ft<Dt&MiCttLX) , 5-99. 911% 
Sg, i0-9 911%gg, cfcOWSU 

<«, 15-9 OM%ggOCi»£TS. 

[0 06 4] jEiimxmmm, mtm. m^&.xmmm 
ommttmLxte. mcm%tr&i><Dxtm<,>i)i y -m 

CC, 5 nm-5 yrnggfCtSt^CiW^ 

t^swT, (m±m) zwcmc*). stem* 

^tt^'^^, ^JSK^t^, 4«a{fc«, ^«R»^fc» t 

<, $)^CHiSS»iir*)J;^ B SSlit -IIS 
[0 0 6 5] */c, mS^C«SJ9i<!:Ur, &m*. 

mm mm. watr^^^^m) . ^js^^^js 
y*a^T~^mm#fr*>f$ t *¥mm (4>im) 

[0066] ^Rwowawia**^*. HBMC. K 

EPfln^BE^, — «cc, 2-3 o vmmx&z. 
m<Dmmm^ytmT-^ mm, >**fcm%M* 

[0 0 6 7 ] 

[SlJfeWI] tiT, 3S*««:J:0*«e8tS6Cc»IBIK:Bi 

[0068] mmm 1 

2 0 0 nm<£> I TOMIi (MS)- *mS'2>1j ; 7 
*tt8fe^J, x^y-;^ffl^rl 
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CcBSLfcf& Ifi^3x 1 0-*Torrte«!iU/c o £ 
*T\ ITOSB^ffi±tC, 4, 4* -t'X (N-7^r. 

>ii/-N- (3" ~^^-)iy y ^ y ) b*^^^-^ 

3!»»ff0. 2 nm/sec -C7 5 nmCDil^CC^S 
/sec t5 On m©»S tci«K« (Mit 10 0:0. 10 

5) u *^F-aAiftayB**fa/c«5ejBiL/A:. sea: 

€-©±tC. 7W^AiffiJ&, ^*SJSO. 2nm/ 
sec T2 0 0 n mCDmSiCpmm (Mit 10:1)1 

mtmnxxwc* tiuatmxT* i2v©a««BE 

£EPft]L/c<tC3> 5 5mA/ cm* ©Wft^Sfctlfc. 
*fg2 3 6 0 c d/m 2 ©»fecD«**sfllBSn/c. 
[0 06 9] SOWN 2 — 1 2 



£<tt (Hit«7 ) % ffl9fk{k£®m^2 7oxt&fa (mm 

f^4 0Ojfc^ (UttWIl 1 ) , MSt^f^44 
©ffc£» (3Btt« 1 2 ) *fl#B LfcfiiW*. I8»« 1 fc 30 



ft©*?*:. (WK#H»T. 1 2V©itt^1IE£EPJjn0 
/ciC5, Ste©»ifc#»tffi3ft/c. 3 6*C^©!f$£fe£ 
*8***1» (*1> K^O/c, 

[0070] jt«m i 

w 2 ©«£**«»&-*•«:, mjx (s-^y^ 

-h) r^5-^A^*JHt>r. 5 0 nm0H 

OWBIWWaiHRT-SrfWLfc. c ©*?■«:, KMffB 
ST. 1 2V©jt»«E£l:Pto0fc<fcC3* fife©** 

tmmztifc* secc*©^*^, «s***i* 

[0 0 7 1 ] JOR0I2 

ll«:*jc»r. »3OT©J&0ttcRll/r. «KWfc£« 
^2©fb^£<£fflT&ftb*Kc\ ***yF>*fc 
JBOfcBWtt. 30S«l«:BE«©*j£CC J: 
3l«?-*f¥l!l/fc. C(D^T-Cc, tt«»H»T, 12V 
©ittamiI£EP»l/fc<tC5, M&©K3&PWB3ft 

yt 0 s&cc*©^**^ mmzmim <*i> ^ 

[0 0 7 2 ] Jt«W3 

»^2©ffc#**iJM*Sf^0K:* 5, 

Jl^/? y F>ffllWH 3gftW 1 CclBtSO^ 

atc^wi^MT-^Mi/co c ©*?■«:, & 

£i#HfiT, 1 2 V©fl^*E&EPiJ0Ort:<*:C3. 

1«(*1) Kml/Co 

[0 0 7 3 ] 
[SI ] 
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(15) 

asm 
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W8. 




7fiyL«5 T 


(c d/m* ) 


(mA/cm' ) 


^*S#|2 


2 3 6 0 


5 5 




2 3 4 0 


54 




2 3 3 0 


5 3 


^EGffitfU 5 


2 3 6 0 


5 6 




2 3 8 0 


5 7 




2 3 5 0 


5 5 


^8&0!I8 


2 3 4 0 


5 6 




2 3 2 0 


5 7 


0 


2 3 5 0 


5 5 


#afiflll 1 


2 3 3 0 


5 6 


3£6£fcll 2 


2 34 0 


54 


JttttMl 


117 0 


8 2 




15 5 0 


7 4 


Jfc&#J3 


16 5 0 


5 7 



[0 0 7 4] MtiSffl 1 3 
S$2 0 0nm(DIT 0291^6 (Pi®) 

xSS£> r-feh>. x£y-;i^/si>rffi 

CCKEO/cf^ ^*«^3 x 1 0- 6 TorKCM)iL/c o $ 
*T, ITOjg0jmS±tC, 4, 4* -b'X(N-7x^ 

;i/-N- (3" -^n^*-^) T 5 >0 t'^^-ju 
«\ a»iEfiO. 2nm/secr7 5nm©fSK:If 30 

Kbit&m*. mtezMmm&b, wmm&o. 2nm 

/sec r 5 0 n mOJlSCC^gf (Sfflt 10 0: 1 . 
0) U *^a^lftaiS»**fefc»J6»ibfc. Sfcfc 
^(D±CC, ^fSKO. 2nm/ 

sec T2 0 0 n m<Dm2fc}m» (Mtb 10:1)0 

tt, aR#1f©«EttS8«:ffi-oyt***SfiU/c. fH80/c 

mw^nmm^c^ mmm^r, i2v©h««ee 40 

5 8mA/cm 2 <D®6#8Sft/c„ 

sg2 3 5 0 cd/m j o»acc>a**fl«i2snyt 0 
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